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TRANSLATION  m.#/ 


INSTRUMENTATION  FOR  QUANTITATIVE  CYTXHHIISTRY 


[Following  it  the  translation  of  a  Go  man -language  artiole 
by  T.  Caspersaon,  G.  Lamakka  and  L.  Carlson,  Institute 
for  Cytology  and  Geneties,  Karolinska  Institutet, 
Stockholm,  published  in  Aota  Histoohemlca,  No.  9, 

1960,  pages  139-156.] 


(Note i  The  work  herein  was  carried  out  with  the 
support  of  the  Swedish  oanoer  society,  of  the  Wallen¬ 
berg  Foundation  and  under  Grants  C-2740  C-3082  of 
the  United  States  Publio  Health  Servioe.) 

The  combination  of  miorospectrographio  methods  in  the  risible 
and  in  the  ultraviolet  range  of  the  speotrum  through  miorointerferosietrio 
and  miororadiographio  methods  suitable  primarily  for  volunetric 
analysis  but  under  oertain  olrouastanoes  also  for  ultimate  analysis, 
affords  a  satisfactory  basis  for  general  quantitative  oytoohemical 
work  within  the  dimensional  range  of  cell  structures.  Actual  teohniques 
are  often  rather  complicated  in  some  of  these  methods,  especially 
when  several  methods  are  being  applied  to  one  and  the  same  biologioal 
object.  We  therefore  developed  in  the  Stockholm  Institute  in  recent 
years  a  group  of  inter-ooordinated  methods  with  the  intention  of 
being  able  to  utilize  their  investigative  properties  for  praotioal 
biologioal  routine  tests.  The  following  is  intended,  with  the  aid 
of  a  series  of  pictures  and  diagrams,  to  give  a  review  on  such 
instrumentation  (cf.  references  1-10  for  details). 

Figure  1  shows  the  most  important  areas  of  application  for 
teohniques  of  this  type.  The  most  highly  developed  area  is  ultra- 
mioro-investigation  by  direot  methods.  However,  indirect  methods  will 
gain  increasingly  in  importance  in  the  future.  Among  such  indireot 
methods,  the  Feulgen  reaotion  for  determination  of  DNS  has  been 
employed  espeoially  frequently  at  the  present  time.  This  histoohemioal 
reaotion  is  unique  in  regard  to  reproduoibility  and  stability  due  to 
the  peouliar  oolloid-chemioal  properties  of  DNS.  Tha  difficulty  of 
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using  histo-ohsmioal  methods*  based  on  staining  and/or  ohemioal 
reactions,  more  generally  in  the  quantitative  sense  lies  in 
producing  a  suitable  calibration  or  reference  system  definitely 
neoessary  for  control  of  staining  and/or  the  reaotion  sequence  in 
the  specif io  reaotion  environments  offered  by  the  biologioal  material. 
Without  further  discussing  this  field*  I  would  like  to  stress  that 
the  miorospeotrographio  methods  here  indicated  and  complemented  with 
the  "methods  for  measuring  on  r-  i  systems"  given  further  below 
offer  a  possibility  for  developing  suoh  calibration  systems  for  wide 
groups  of  histoohemioal  processes.  So  far  this  possibility  has  been 
exploited  only  to  a  very  limited  extent. 

Figure  2  shows  the  most  Important  operating  methods  with 
the  optical  ultra-miorospeotrograph  in  the  visible  and  in  the  ultra¬ 
violet  range.  Figures  2*  1-t  and  1-b  show  the  determination  of 
the  absorption  sequence  within  individual  object  sections  or  "point 
measurements.”  The  individual  Measuring  point"  as  a  rule  nust 
amount  to  0.5/u  by  reasonof  the  optioal  non-homogeneity  in  general 
biologioal  material.  Especially  in  the  problem  of  nuoleotide  and 
protein  metabolism,  miorospeetrographio  total  volxmetrio  analysis 
in  individual  oclls  or  osll  sections  predominate  in  praotioal  biologi¬ 
oal  work.  Due  to  the  high  optical  non-homogenity  in  nearly  all  of 
the  ooll  material  encountered*  such  total  determinations  must  be 
oarried  out  in  the  following  manner.  It  is  initially  necessary  to 
measure  a  very  large  number  of  points  of  the  indicated  magnitude) 
subsequently  the  transmission  values  must  be  transformed  into  extinction 
values  and  the  extinction  values  must  be  summated  over  the  gurfaoe. 

This  means  alone  for  a  cell  of  general  magnitude  in  manalian  material 
as  a  rule  several  100-1,000  measurement  points  of  whioh  the  data  must 
be  prooessed  and  summated.  It  is  generally  further  neoessary  to 
repeat  the  measurements  in  several  wave  lengths.  By  reason  of  the 
instability  of  the  biological  material  and  other  reasons*  it  was 
definitely  neoessary  to  automate  the  measuring  methods.  This  was 
done  by  electronic  transformation  of  funotion*  in  the  simplest  case 
from  transmission  to  extinotion*  as  well  as  through  elootronio 
integration  of  the  extinction  values  over  the  surfaoe.  Figure  2*  2-b 
demonstrates  the  meterologically  simplest  oase  in  whioh  the  measurement 
objeot  has  a  free  background  and  the  entire  examination  process  oan  be 
automated.  Usually,  however*  the  situation  is  the  one  shown  in  2-a 
where  the  measurement  objeot  is  surrounded  by  material  whioh  is  not 
intended  to  enter  into  calculation.  For  this  case*  the  spectrographs 
are  to  arranged  that  the  soanning  areas  are  continuously  registered 
end  eaoh  individual  point  on  the  diagram  oan  be  correlated  accurately 
with  a  corresponding  measuring  point.  On  the  other  hand*  we  oan 
than  limit  the  measurement  to  the  desired  measurement  objective  Fran 
the  registered  data*  eventually  with  the  aid  of  a  special  funotion 
transformer  and  integrator*  by  manual  operation  of  a  ourve-traoe 
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Indicator  (Figaro  12)  •  Meteorologioally,  this  oase  is  obviously  tho 
best*  If  wo  soloet  o  ooll  population  in  which  tho  oolls  lio  froo 
of  oaoh  other,  tho  oaring  of  timo  in  a  spooifio  biologioal  problem 
is  ofton  considerable*  Vhero  solootiro  staining  of  nuoloi  is  concerned 
as,  for  instanoe,  in  tho  Foulgon  roaotion,  there  exists  also  for 
connected  tissues  a  measurement  situation  corresponding  to  Figure  2,  2-b. 

Figure  S  shows  tho  largo  universal  aiorospeotograph  of  tho 
Institute  whioh  is  specially  designed  within  tho  ultraviolet  and 
tho  visible  spectrum  range  in  order  to.  oarry  out  measurements  in  the 
was  indioated*  It  can  be  utilised  with  different  types  of  miorosoope 
optics*  Especially  in  the  ultraviolet  range,  refraotion  optios  are 
preferable  due  to  oertain  optio  relations  of  refleotion  optios*  (The 
Carl  Zeiss  Company  in  Oberkoohen  has  designed,  in  collaboration  with 
us,  a  eommerioal  model  of  this  instrument  and  has  also  designed 
speoial  achromatic  ultraviolet  optios  corresponding  to  the  speoial 
requirements  of  aiorospeotrographio  work)*  Both  of  tho  recording 
instrvasente  of  the  spectrograph  register  the  functions  indioated  in 
Figure  2* 

Figure  4  shows  the  oourse  of  a  measurement  in  principle. 

After  appropriate  preparation,  the  measurement  is  carried  out 
in  the  ultra-miorospeotograph  IfUMSP).  Eventually  oantrol  of  optio 
properties,  primarily  the  dispersion  of  light  in  the  preparation, 
by  speoial  equipment  precedes  the  measurement. 

For  the  analysis  of  the  measurement  data  obtained,  knowledge 
of  the  optio  constants  for  the  substanoes  is  required  under  the  con¬ 
dition*  obtaining  in  the  object  during  the  measurements*  Especially 
in  stabilised  preparations  but  also  in  objeots  whioh  may  be  assimilated 
to  a  highly  concentrated  protein  solution,  the  optical  constants 
often  deviate  essentially  from  the  values  in  diluted  solution.  For 
the  determination  of  these  constants,  equipment  (of.  below)  has 
been  developed  whioh  is  identified  in  the  picture  as  "model  substanoe 
line." 


If  the  non -homogeneity  degree  of  the  oell  material  is  very 
low,  the  mass  in  oells  and  oell  seotions  can  be  determined  direotly 
with  the  aid  of  the  interference  miorosoope  although  the  aoouraoy 
of  this  method  is  generally  very  low*  If  significant  differences 
exist  in  the  refraotion  indices  whioh  is  generally  the  oase  for 
biologioal  material,  it  is  absolutely  neoessary  to  employ  soanning 
methods  with  very  small  measurement  points  hAre  also  as  in  absorption 
measurements* 

By  vtlli>tag  Baker-Barer  interferenoe-miorosoope  optios,  Svensson 
(10)  developed  a  soanning  mioro-interferometer*  In  prinoiple,  it  is 
also  possible  to  Install  interference  optios  suitable  for  absorption 


neaaurement  la  our  ultra-aioroipeotrograph  and  carry  out  aoanning 
mioro-interferoaaetrio  measurements.  Ivan  large  objeotg  luoh  a* 
protoioaa  with  larga  differenoeg  in  tha  dangity  of  dlffarant  oall 
partg  oan  ba  measured  with  grant  raproduoibllity  and  aoouraoy. 

Figura  5  demonstrates  tha  manner  of  operation  of  a  near  rapid- 
goanning  mioro-interferomoter  which  ig  an  improvement  of  an  instrument 
dagoribad  earlier.  Through  tha  introduction  of  an  eleotronlo  integra¬ 
tion  system,  it  ig  poggibla  to  handle  even  relatively  larga  oall 
populations  with  thig  ingtruaant.  Figura  6  ghowa  tha  ingtruaant 
with  tha  two  reoordere  for  lnorement  and  tha  integral  of  tha  lnorement. 

Mioro-radiographio  nag  a  datanaination  furniahag  in  prineiple 
tha  seme  indications  aa  mioro-lnterferometrioe.  Wa  uaa  a  high- 
regolution  roantganogpaotrograph  built  by  Llndstrogm  and  ghown  in 
Figura  7. 

Figura  8  deaoribee  tha  prlnolpal  aathod  of  operation,  the 
exponentiation  of  a  mioro-radiograrn  with  subsequent  aoanning  measure¬ 
ments  in  tha  niorogpaotrograph.  Tha  great  adranoeg  of  mioro-inter- 
faronatriog  lie  in  the  oireuagtanoe  that  the  objeot  oan  be  investigated 
in  a  liquid  embedding  medium  and  algo  under  high  optical  regolution. 

In  contract,  microradiography  r aquiree  working  in  a  vacuum  but  haa  tha 
very  great,  advantage,  aa  compared  to  mloro-lnterferoaietriog,  that  a 
"modal  substance  line"  ig  not  required  baoausa  roentgen  abeorption  ig 
Independent  from  the  phyaioal  gtate  of  tha  material.  For  praotioal 
biologioal  work,  miororadiography  oan  be  utiliaed  primarily  for  cali¬ 
bration'  of  the  interference  methodg.  Reoently,  however,  Oarlgon  hag 
developed  a  prooedure  guitable  alao  for  routine  examination  idiioh 
allowa  ua  to  work  in  low  abaorbing  biologioal  objeots  with  a  higher 
reaelutility  than  1  /u  within  an  area  of  tha  dengity  curve  of  the 
plate  go  that  it  ir  poggibla  to  oarry  out  aurfaoe  meaguremantg  without 
aoanning.  Thig  reaultg  in  gueh  an  lnoreage  of  working  apaed  that  tha 
x-ray  aathod  la  aa  quiok,  at  laaat  for  tha  examination  of  larga  oall 
populationg,  aa  tha  mioro-lntarferomatrioa  dagoribad  above.  Figurea 
9  and  10  repreaevt  the  prinaiplea  of  photoaetrio  plate  meaaurementg 
and/or  tha  appear anoe  of  tha  maaauring  equipment. 

The  me aaur meant  of  element-apeoifio  roentgen  abgorption 
oan  alao  be  oarried  out  in  the  roentgen  mioroapeotrograph  developed 
by  Kngatroem-Liadstrogm.  Tha  photo  plataa  are  analysed  in  thig  cage 
in  analagoug  manner  for  the  determination  of  oertain  element g. 

In  all  of  thaaa  measurements,  alaotronio  evaluation  of  tha 
data  playa  a  oantral  role  beoauae  larga  biologioal  material  oan  ba 
prooaaaad  only  after  a  high  maaauring  gpeed  hag  bean  aohieved. 

Figure  11  ghowg  tha  baalo  diagram  of  tha  four  moat  important 
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measurement  methods  and  also  tha  general  arrangement  of  the  instru¬ 
mentation*  The  upper  branoh  of  the  diagram  corresponds  to  instruments 
described  ■bove»  The  lower  branch  represents  a  speoial  function 
transformer  (Figure  12)  with  the  aid  of  which  the  measurement  ourvea 
of  the  speotrograph  or  interferometer  are  evaluated  through  manual 
traeing  of  the  curve  whioh  is  an  advantage  for  oertain  types  of 
objects*  This  method  of  operation  is  of  great  advantage  for  more 
complicated  objects*  especially  such  as  listed  in  Figure  2*  2-a. 

If  the  diagrams  mentioned  are  grouped  in  a  general  review 
of  the  coordination  of  the  different  equipment*  this  produces  an 
instrumentation  diagram  as  shown  in  Figure  13  (eaoh  square  in  the 
diagram  represents  a  speoifio  instrument)* 

The  model  substanoe  measurements  (Figure  14  and  also  Figure  13* 
bottom)  attempt  to  obtain  exact  values  for  the  optic  constants  of  the 
substanoes  concerned  whioh  are  neoessary  for  the  analysis  of  the 
miorospeotrographio  and  mioro-interferometrio  measurements*  Figure  14 
represents  the  three  most  important  oases*  The  top  case  offers  no 
technical  difficulties  but  ooours  praotioally  never  in  standard 
biological  work*  The  data  can  here  be  aoquired  with  conventional 
measuring  instruments  in  the  macro-range.  For  the  simple  oase  where 
the  object  corresponds  to  a  concentrated  solution*  the  refraotien 
index  in  the  visible  range  oan  be  easily  determined  with  conventional 
equipment.  However*  for  the  determination  of  the  extinction  ooeffioient* 
speoial  equipment  will  be  neoessary  as  well  as  for  routine  refraotion- 
index  determination  in  the  ultraviolet  wave  range.  Svensson  has 
constructed  a  "lens  ouvwtte"  (Figures  16  and  16)  for  this  purpose. 

At  the  bottom  of  Figure  14*  the  most  general  situation  for 
the  measursment  of  biologloal  material  is  represented,  i*e.  where 
the  object  is  free  of  water. 

Figure  17  shows  aoheaatioally  how  the  determination  of  the 
optio  constants  oan  be  carried  out  in  this  oase  with  the  aid  of  the 
"drop  method"*  In  the  illustration*  the  objeet  is  intended  to 
represent  a  very  email  drop  of  highly  oonoentrated  protein  solution* 

The  drop  is  either  dried  or  stabilised  on  a  suitable  base.  The 
material  is  then  generally  distributed  very  irregularly  over  the 
measuring  surface*  Total  volumetrio  analysis  is  made  by  (canning 
miororadiography  and*  when  the  material  volume  is  known*  the 
neoessary  determination  of  constants  oan  be  oarrled  out  in  the  objeot 
with  scanning  lnterferametrlos  or  mloro-speotrophotonetrios* 

Rapid  measuring  methods  for  specific  problems i  The  instrumentation 
groups  described  above  are  intended  for  more  general  work  on 
biologloal  material  of  different  nature.  If  the  problematics  are 


restricted  to  special  substenoes  or  speoiel  types  of  biological 
material*  significant  advantages  can  be  obtained  when  time-oonsuming 
labor  is  shortened  by  the  oonstruotion  of  specialised  measuring 
apparatus* 

As  an  example*  1  should  like  here  to  refer  to  two  designs 
recently  developed  for  an  extremely  aotual  field  within  experimental 
oanoer  research*  i*e*  the  oytoehemioal  differences  in  the  nuoleotide 
and  protein  components  of  the  different  cells  in  large  populations 
of  tutor  oells*  These  working  possibilities  of  speoial  interest 
for  the  investigation  of  the  manner  of  action  of  various  anti-cancer 
substanoes  as  well  as  for  the  study  of  early  stages  in  oanoerogenesis* 
for  tuQor  pr  obi  was  of  this  kind*  we  oan  frequently  seleot  as  investiga¬ 
tive  material  oells  lying  free  of  eaoh  other  (of*  Pigure  2,  2-b) 
which  make  possible  extensive  mechanisation  of  measurements  as  des¬ 
cribed  above*  A  particularly  rapid-ultramioroapeetrograph  for  the 
ultraviolet  and  the  visible  range  has  been  constructed  for  material 
of  this  type*  Its  manner  of  operation  can  be  seen  in  Pigure  18*  By 
foregoing  registration*  the  measuring  time  for  a  oustomary  mammalian 
cell  eould  be  reduced  to  a  few  seoonds  through  two-dimensional  soanning 
of  the  objects  with  direct  reading  of  the  terminal  values.  A  further 
increase  of  measuring  speed  is  pointless  beoause  the  adjustment  of 
the  new  measuring  objects  generally  requires  at  least  10  times  the 
measuring  time*  The  instrument*  shown  in  Pigure  19*  is  primarily 
suitable  for  the  investigation  of  large  oell  populations  in  ultraviolet 
and  in  visible  light.  It  is  also  vary  appropriate  for  the  determination 
of  DIB  by  means  of  the  Peulgen  reaotion  and*  in  this  oase*  tissue 
sections  oan  be  employed  also  beoause  absorption  in  the  oytoplasma 
can  be  neglected  in  the  measurement  of  the  Peulgen-absorptlon  maximum. 

The  Instrument  for  miorointerferometrios  shown  in  figures  6  and 
8  was  developed  especially  for  work  with  large  cell  series*  However* 
it  is  appreciably  slower  than  the  instrument  for  absorption  measurement 
described  above* 

Per  the  greater  part  of  oytoehemioal  investigation  of  oell 
populations*  tho  determination  of  optloal  oross  sootion  of  both 
nuoleoli  and  nuolei  as  well  as  of  oytoplasma  plays  an  essential 
role*  Am  instnment  for  this  purpose  oan  also  be  mentioned*  The 
anther  earlier  desorlbed  a  mioroplanimeter  which  works  *o  the 
principle  indicated  on  the  left  side  of  figure  20*  An  adjustable  weak 
lens  is  moved  by  the  observer  above  a  mleroseope  objective  in  a  plane 
at  a  right  angle  to  the  axis  of  the  microscope*  Subjectively*  this 
gives  the  impression  that  oross-halrs  provided  in  the  eyepleoe  move 
around  the  measurement  object*  The  motion  of  the  lens  is  transmitted 
to  a  planlmeter  system,  for  series  measurement*  this  arrangement 
was  provided  with  an  eleotrloal  registration  system  working  in  3 
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channel «.  Fraotioally,  the  work  prooedes  in  >ueh  manner  that 
initially  a  nuoleolus  it  measured.  The  observer  presses  a  button 
and  a  three-point  recorder  prints  a  point  on  the  paper  of  the 
reoording  instruments  in  ooluan  1.  Subsequent  to  this*  the  cell 
nucleus  is  measured  and  aotivation  of  button  2  gives  a  reoording 
in  oolunn  2.  Channel  S  is  intended  primarily  for  oytoplasma 
measurements.  Simple  emanation  of  the  points  in  the  oolunna 
directly  produoes  the  desired  histogram.  The  equipment  is  particu¬ 
larly  suitable  for  measurement  of  very  small  objeots  because  the 
acouraoy  of  measurement  is  limited  only  by  the  resolUbility  of  the 
optios  employed. 

Summary i  With  the  aid  of  diagrm&s  and  illustrations,  a  number  of 
instruments  are  shown  whioh  produoe  the  possibility,  by  their 
coordination,  for  simultaneously  exploiting  the  quantitative  oyto- 
oheaioal  working  possibilities  (for  general  biologioal  problematios) 
afforded  by  ultramiorospeotography  in  the  visible  and  ultraviolet 
range  as  well  as  in  the  radiographio  field  and  in  miorointerfercmetrios. 
In  addition,  speoial  instnments  for  work  with  large  oell  populations 
are  desoribed. 
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Figaro  t  •  Tha  Moat  laportant  forking  Kathode  la  Optioal  Mioao- 
e portography. 

a  •  optical  apaotography  la  ultraaioroapaotrographi 
1  -  datomiaatlOB  of  abaorptioa  ourraa  (point  kaaaara— kta)| 
i«a  •  naan  lamfthai  •  raaordlagi  I  •  total  volukatrlo 
dataralnatloki  ao analog  aaaauraaMBt/data  -  r  •calculation  / 
la  to (ration) i  t-n  -  lino  •canning  fwr  tha  a oat  uaaal  typaa 
of  objootai  b  -  object i  a  -  directly  our  rounded  by  tlaauai 
d  -  traaaalaaloa  raoordad  la  ultreHaloroopaotrograpfci 
a  -  total  oolune  *  k^(/f(Tj)d  z  /  /  f(Tj)d  x  .#.]# 
function  tranaforaer  /  Integrator!  t«b  -  aurfaee  scanning. 


f 


t  <rtfrw*  t 


Figure  4 

a  -  Optical  Ultraaioroapeotrographyj  b  -  object  -  preparation  of 
objeot  -  ultra-mioroapeotrograph  -  object  date  -  analysed;  o  -  oontrol 
of  light  refraction.  Determination  of  required  meaairing  aperture, 
d  -  model  aubatanoea  -  ultra-microapeotrograph  /  lane  curette  for 
determination  of  £  and  n  -  £  (and  n)  under  measurement  conditional 
e  -  signifiea  a  apeoial  instrument  in  all  illustrationa. 
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K^Hiani  tkrr  Hmttllirt  flirt*  Krtfewtra  aa«. 


.Mill.  i.  llix-liiMiflixiin^k- Huiitpa-n>|ifkl rugripti  fur  biiilu|>i»rlir  Ubj.-kli-  mrh  l.iiahlm 

Fleur*  T  -  High-K«solution  X-ray  Speotrograph  for  Biologloal  Objeota 
According  to  Lindatroen* 
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Figure  8 

a  -  objeot  -  x-ray  aui  aiorocpeotroyraph  -  miororadiogram  - 
ultrmaioroapeotrographio  «o waning  -  funotion  transformer  and  double 
lntagrator  -  datai  b  •  mass)  o  -  plate  transmission. 


Figure  9  -  Integrating  Miororadiography  Without  Plate  So aiming. 
Left  -  photograph)  right  -  measuring  of  plate,  a  -  photographic 
plate)  b  -  ob>ot j  o  -  x-ray  tube)  d  -  x-ray  mass  determination) 
e  -  high  resolution  f  «  integration  (without  coaming). 
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AW).  I"  rl»U>'ii»ii»HHi.'ir4l  [ur  Mtkt»raiUagr*m«*. 
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Plat*  Manuring  Instrument  for  Miororadi ogruu. 
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Afcb.  II.  Allsinirim-  t'brruirlit  iibvf  itit-Wrwi-nituiii:  vnit  i-lt-ktriiiii»ritrn  I’nim-I. 
iKuriUuncm  unj  lnl<-er«t»n-n  in  .».«  ArlH-it-.lini.-n.  )«,-  AliMl.lum-  H-iet.  »i.-  <li...  ... 
(irriiti-  liir  vt-tM-liie-lim-  Artn-ilMirlrn  vi-tvi-mM  «rnl<-n  knnnrii. 


Figure  11  -  General  Dlagraa  of  the  Utilisation  of  Kleotronlo  Ooapwter 
Arrangenente  tad  Integrator*  In  York  Flow.  The  llluetra- 
tlon  show*  how  th*  inatruaente  oan  b*  utilised  for  different 
aethode  of  prooedure* 

a  •  oaeputer  arrangeaant)  b  -  integrator  1  for  object) 
o  -  r*oord*r  for  trenaforaed  funotlon  and  integral  1* 

Counter  for  integral  tub*)  d  -  data!  *  -  eoanning  ultra- 
nioroepeotrograph)  f  -  point  aoaaureawnt  aioroapeotrograph) 
g  -  eoanning  arrangement,  line  and  eurfaoei  h  -  traneaitted 
data)  i  «  function  transformer)  k  -  for  optloal  aoanaing  -  £  j 

1  -  optloal  n  -  mat  a  i  a  -  x-ray  naaa  -  aaeai  n  -  x-ray 
eleaent  -  quantity)  o  -  neaeurenent  value*  for  optloal 
eoanning  in  object,  optloal  a  in  object,  x-ray  aaee  la 
redlograa,  x-ray  eleaent  in  radiogram  p  -  recorder) 

q  -  annual  ourre  traoer  of  objeot  inat ability!  a  -  integrator 

2  for  baokgrouad. 
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Mill.  12.  Kun>tHiR.i:i'ii..rai..r  Hill  liit.irijli.f  Hint  mil  .WirilimH?  mi  iiimiHilk  •  \' 
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Figure  12  -  Function  Generator  with  Integrator  and  with  Arrangement 
for  Manually  Traoing  the  Curre  to  be  Analysed* 
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AM».  18.  AllfftHvmr  «rh**itMtt*i«-rti-  1  lit  »!*•?  \fr>r|iir.|»-mn  .\rln‘ii«ltnirn  >»i 
lM«tnimr|»|r.  «»|I|.  aliv  Mikr»iini«-rfrr«imHri^.  H'*n  .♦ 

Ma«»r,iNikriini4iNtfr;i|»l»«M* In  i:*-n!.-.nKbm*n».  Kl«  m. -hHmMimii-  m. 

Hrrktrrkr  bnlruti-n  |ih|iuw>Nti\  H  \rl»*it s\rrf»l,i,»  at 

I  Nr  Abb*  Mu  nr  4rt»n*n%in*r1 .  *ir  liir  »li»*  am  Ohj'kt.  «U  aark  f  • 

MwMI«iiltaiaiiiWH»uh?>  n  ariijvb»  ii4  •hrM-ll*****  Aimnlnunrrn  far  Ab-ouhnnc  ^ 
rlrktnmi»rM‘  l»a»;'l"»fb«  Minitjt  M  Unn*n 


flgwa  18  -  Ooaoral  Diagram  of  Difforoat  Typo,  of  Work  Plow  and 
Ia^truMati,  Optical  Soamlng,  Mioroapootrography, 

Optlo.1  Maaa,  Mlorolntorforoaotrioif  x-ray  mii/ 
aior oradiegr aphlo  uu  dotorolnatloa,  X-ray  Blowout, 
limit  DotoralaatloB*  Squaroa  aigalfy  apooial  iaatruaoata. 
olrolo.  aigalfy  working  aathoda.  Tho  illuatration  Atmrm 
atrataa  how  tho  aaao  arrangaaonta  oaa  bo  uaod  oxtonalroly 
for  aoaaalag  oad  alootroalo  data-preooaolac  both  for  aoo- 
avaooata  oa  tho  objaot  u  mil  aa  for  ntnanr  manta  of 
■odal  aubataaooa*  w  o* 


a  -  dlrdot  proooaai  b  -  obJ.otj  o  -  ladlraot  prooaaai  d  -  preparation 

•  *  *  *  pr.P«rtl«l  |  -  .Ulalo,  5  ‘ 

h  •  oallbrafclmj  1  -  optloal  aoaaalaf |  k  -  optloal  aaaat  1  -  x-ray 
*******  *  olaooata*  a  -  ultramloroapootrographlo  ooaaalaai 

-  *  f  •  oaopator  II*  q  -  objoot  datai  r  -  aaolyaod  data* 

*  •^,t**oi|  t  •  £  ooaomtratod  aolutloa,  a  ooaooatratod 
aolrtleaj  a  -  dry-fl ratio®,  a  dry  flxatiooi  ▼  -  radiation.  w  -  nodal 
4atat  r  -  rapid  aathod  for  inhabltual  object*. 
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Abb.  H.  I  Hr  yrtM-binlrnrn  Tv|ri*  v.m  Mi«l*  IKiili*i»mi«r..n»sr».  ■lir  i|.  >■ 

urbinlrum  Tv|h-k  vim  VitIi.1  It  I'|"|H  in  '1*11  Ill'll"- 1  ''Hill  \l  >  U)"I  |nr  a  i  'll  lilt  *1>  ii' 
Hrrklrrkr  bnlrntm.  .lull  ln«.nnli|r  lirwlr  I«  ilnin  Mwlmiii  .lir  Aili.it  iin  "I 

•  ofili  ii  »in«i. 


Figure  14  -  Different  Type  a  of  Modal  Subatanoe  Meaaurement  vbloh 
Correa pood  to  tha  Dlffaraat  Type*  of  Condition*  in 
Blologioal  Praparatioaa  in  nhioh  Square*  indicate  that 
Speoial  Inatrunanta  har*  boon  Developed  for  tha  Particular 
Saotion  of  tha  Mat hod. 

a  -  modal  aubetaneej  b  -  diluted  eolutionj  o  -  apeotrophotcmeteri 
d  -  refraotromotarj  a  -  apaoifio  axt loot ion  (riaible  and  ultra-vlolat ) f 
f  -  refraction  index  (apaoifio  rafraotion)i  |  -  modal  eubatanoea) 
h  -  concentrated  oolutionj  i  -  lana  curette j  k  -  refraction  lodex  for 
ultra-violet i  1  -  dry  aubatanoai  a  -  drop  method j  n  -  apaoifio  refrao- 

tiOBn 
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Figaro  XI  -  Tha  "Lana  Curatta"  It  an  Inatrunant  for  UaaaursMBt 

(by  moi  of  tha  raoordiag  uAtranloroapaotrograph)  of 
tha  Absorption  Conatants  in  tho  Optioal  Spaotros  of  Tory 
High-Conoantratad  Solutions  in  Vary  Low  Layar-Thioknsss* 
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I.  M  hru  lul  lUx-bDIfllHi'Iwr- 

•  lllcrll  .11  Ii.wlwb'..lll»'fi«^  IW 

MrtitlMf.ll  unit  l M  rltr»li.^rlli*».  IW  Umiif 
rlM.I  4wr.il  l!.-.lrltl.timt  .In  Vn|i*fkrt 
Hm*r  N.I  |umllrlr«  lj«  tit.  ihfall  wit  IliHr  4~ 

Hitr*wyrttf.i.'it[iltn. 

Flfura  16  -  A  Lana  Curat  to  with  Saad -Mirrored  Intarfaoaa  for  Bafraotlan 
Indox  Mata ur  ana nt  In  High -Aba or bant  Solution#  In  tin  Tlalbla 
and  In  tha  Ultrariolat  JUnga.  Maaaurcnant  la  onrrlod  out 
by  raoording  tha  Bawton  ringa  undar  parallal  light 
lnoldaaoa  by  naana  of  tha  mloroapaotrofraph* 
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It.  I  Hr  ..TriiprrnmrihiHlf"  ivjjl.  Abb.  H)  iwr  Hr*ttm«mii>ic  Jrf  eptt»rb*ft  K«»- 
*’»m  n  vi»n  Tnwk'iiftub^anirn  *lrt  Art,  wir  wan  sir  in  v»r*rbio<irn  fixicrtrn  <xl*f 
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Ir"|"  hi**i  k*>itXfiilri«'Hrr  »nsrw«mm»*n.  Zwrl  aHrrnntixr  Wrfr  inf 

»*n«l  iR**Kcb«». 


Figure  17  -  TL_  Drop  Mot hod  (of.  Figure  14)  for  Determination  of  tho 
Optioal  Constanta  of  the  Dry  Substanoea  of  the  Type 
Found  in  Various  Stabilised  or  Desaicated  Biologiorl 
Preparations,  A,  droplet  of  oonoentrated  protein 
solution  is  assvned  as  model  objeot  in  the  illustration. 

Two  alternate  ways  for  mlvme  determination  are  indicated 
a  -  the  drop  method;  b  -  measurements  by  elimination  of  the  influe nos 
of  non-homogeneity  through  scanning  with  high  resolution;  o  -  protein 
droplet^  d  -  x-ray  tube  for  mass  determination;  e  -  protein  droplet 
with  C*  “;  f  -  Oeiger-Muller  counter;  g  -  scanning  interference 
miorophotometer ;  h  -  so arming  microspectrophotometer;  i  -  measurement 
of  protein  amount  in  drop;  '<  -  measurement  of  optioal  phase  difference; 
1  -  measurement  of  extinction;  »  -  gives  epeoifio  refraotion;  n  -  gives 
speoifio  extinction. 
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.\l<  1*.  Sr|ni«  ||«%  ritrainikio|tlc<iMiii«iir  fur  Arbeit  mi?  i.  If.  ;*wll«n  Z<-|l»»oi*wtatn.nrn 

.\rlHi(M|ii;ramni. 

rigor*  18  -  Rapid  Ultramiorophotomatar  for  Working  with  Largo  Coll 

Populations*  Working  diagram*  a  -  high-taneion  inatnsaantaj 
b  -  ampliflarj  o  -  logarithalo  ampllflar)  d  -  oirouitl  a  -  intagratori 
f  -  tabla  drira,  and  diractioaj  g  -  monoohromator  (Tiaibla-ultraololat)) 
h  -  xanon  or  meroury  lampi  i  -  rapid  scanning  and  intagrating  high- 
raaolution  ultramiorophotomatar* 


25 


■graphic  not  ftEPR0DUciBLt. 


GRAPHIC  NOT  REPRODUCIBLE 


» 


Ahl».  1H.  )'1tmm}krn|ih«ttnnifirr. 


Figur*  19  -  Rapid  tfltr «iioro phot ooe t.r. 


164  ubrr  riiv«ik«li<*rii>u))hM  h>-  MHhmlon  yam. 
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Pigur*  20  -  Operating  Diagram  of  Raoording  Mioroplanimattr. 
a  -  Maturing  rang*  oontrolj  b  -  1.  nuoUolua,  2.  nuolaua, 
8*  oytoplaimai  c  -  rtoording  microplanimttar  (3  ohanntlt). 
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Flsur*  21  -  Mioroplani»»t*r. 


UN 

CSOi  I-S1I6-0  -  tXD  - 


